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AUTOMOTIVE HEAT EXCHANGER 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to a heat 
eXchanger for an automotive vehicle. More particularly, the 
present invention relates to a heat eXchanger having a 
plurality of contiguous plates which are joined by tab 
members and folded together to form a plate-tube type heat 
eXchanger. 

Disclosure Information 

Plate-tube type heat eXchangers are well known in the art. 
In these types of heat eXchangers, a plurality of elongated 
plates are joined together, Such as through a lamination 
process to define a plurality of passageways for the move 
ment of a fluid therethrough. Each of the passageways is 
formed by the inwardly facing Surfaces of a pair of joined 
plates. The interior Surfaces of the joined plates generally 
define a central fluid conducting Section. The passageways 
are interconnected So that a fluid may flow through the 
plurality of joined plates forming the heat eXchanger. AS is 
also known in the art, conductive fin Strips are located 
between outwardly facing Surfaces of the pairs of joined 
plates. Heat eXchangers of this type have particular utility as 
evaporators for air conditioning Systems of motor vehicles. 

Typically, plate-tube heat eXchangers are manufactured 
by Stacking a plurality of individual plates together to form 
a plate tube member and interleaving fin members between 
each tube member. Endsheets are then placed on opposite 
ends of the heat eXchanger to form a heat eXchanger core and 
the core is brazed in a furnace to complete the manufacturing 
process. ASSembling the heat eXchanger core in this manner 
is a labor intensive proceSS requiring perSonnel to physically 
place individual plates in abutting face-to-face relationship 
to form the plate tube member. 
One proposed method which may increase the productiv 

ity in fabricating plate-tube heat eXchangers is shown in U.S. 
Pat. Nos. 3,258,832 and 3,344,925. These patents disclose a 
method of making a heat eXchanger wherein a plurality of 
individual plates are Stamped from a single sheet of material 
and interlinked together by tab members. The tab member is 
a Straight piece of metal material which connects the plates 
and provides a location for bending to occur. After being 
formed, the plates are folded in a Zig-Zag formation to form 
a heat eXchanger core. The tab member, however, bends at 
an undetermined location and cannot provide the most 
beneficial Spacing for a fin member to be included between 
adjacent pairs of plate tubes and at the same time provide 
proper plate-to-plate contact. 

U.S. Pat. No. 5,507.388, assigned to the assignee of the 
present invention, proposes a Solution to prior methods of 
joining plates together. The 388 patent teaches an innova 
tive tab design which connects adjacent plates together and 
which provides predefined bending Zones for controlled 
folding of the plates. Each tab member of the plurality used 
in the assembly taught in the 388 patent is identical in that 
each tab member teaches the use of at least three arcuate 
recesses formed on the leading and trailing edges of the tabs. 
These recesses form three bending Zones in each tab. One 
central bending Zone operates to join plate members together 
in a face-to-face relationship while the other two Zones bend 
to bring tube members together while providing Space for 
the corrugated fin. After the plates have been folded, these 
tabs project outwardly from the heat eXchanger because of 
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2 
the transverse length required in each tab to provide three 
bending Zones. The projecting tabs prevent the heat 
eXchangers from being Stacked together during shipping and 
often interfere with the heat eXchanger housing during 
packaging. It is necessary to Subject the heat eXchanger to an 
additional manufacturing Step wherein these projecting tabs 
are folded in Some manner against the heat eXchanger to 
minimize the projection distance. 

Furthermore, because each tab member includes three 
bending Zones, more material must be used for each tab. 
While the use of identical tabs minimizes complexity of the 
design, using identical tabs each having three bending Zones 
increases the weight and cost of the heat eXchanger. It would 
be advantageous to provide a heat eXchanger in which the 
tab projection is minimized and in which cost and weight are 
decreased. 

It is an object of the present invention to provide a heat 
eXchanger formed from a plurality of contiguous plate 
members joined by tab members and which is not subjected 
to a tab folding operation after the heat eXchanger has been 
formed. It is a further object of the present invention to 
provide a heat eXchanger core in which the weight has been 
reduced. 

SUMMARY OF THE INVENTION 

The present invention overcomes the above problems 
with the prior art by providing a heat eXchanger for an air 
conditioning System, comprising a plurality of contiguous 
plate members joined together by a first and Second Set of tab 
members and folded bellows-like into a plurality of tube 
members to form a heat eXchanger core. The heat eXchanger 
further includes a plurality of fin members interposed 
between adjacent tube members and at least one fluid 
manifold fluidly connecting the tube members to a Source of 
fluid. The first and second sets of tab members are disposed 
between adjacent plates in an alternating pattern Such that 
the first Set is disposed between a first pair of adjacent plates 
and the Second Set is disposed between one of the plates of 
the first pair and its next adjacent plate. Each tab member of 
the first Set includes a Single bend Zone along which the 
adjacent plate members bend in a face-to-face relationship to 
form a tube member. Each tab member of the second set 
includes only a first and Second bend Zones defining an area 
of predetermined size for receiving one of the plurality offin 
members thereinto. 

It is an advantage of the present invention to provide two 
different tab designs which allows for controlled bending of 
the plurality of the plates and minimizes the distance the tabs 
project from the heat eXchanger after forming. These and 
other objects, features and advantages of the present inven 
tion will become apparent from the drawings, detailed 
description and claims which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a heat eXchanger Struc 
tured in accord with the principles of the present invention. 

FIG. 2 is a plan view of a continuous sheet of plate 
members manufactured according to a method of the present 
invention. 

FIG. 3 is an end view of the sheet of FIG. 2 being folded 
into plate tube members. 

FIGS. 4A and B are enlarged views of a first set of tab 
members connecting adjacent plates in accordance with the 
present invention. 

FIGS. 5A and B are enlarged views of a second set of tab 
members connecting adjacent tubes together in accordance 
with the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to the drawings, FIG. 1 shows a plate-tube 
heat eXchanger, generally designated by the numeral 10, in 
the form of an evaporator particularly adapted for use in an 
automobile air conditioning System. The heat eXchanger 10 
comprises a Stack of formed, elongated plates 12, pairs of 
which are joined together in face-to-face relationship So that 
adjacent pairs provide alternate passageways for the flow of 
refrigerant therebetween as will be described further below. 
The plates may be joined in any of a variety of known 
processes, Such as through brazing or a lamination process. 
Heat transfer fins 14 are positioned between joined pairs of 
plates 12 to provide increased heat transfer area as is well 
known in the art. The joined plate pairs and fin assemblies 
are contained within endsheets 16. 

The heat exchanger 10 includes an inlet port 20 and an 
outlet port 22 formed within a header 18 at either one or both 
ends of the heat exchanger 10. The header is in direct 
communication with the passageways between the joined 
pairs of plates 12 as will become apparent from the follow 
ing description. The plates 12 have aligned apertures at the 
ends thereof providing communication between inlet and 
outlet ports 20, 22, respectively, of header 18. However, as 
is well known in the art, each of the plates can include 
apertures at either one or both ends thereof and the inlet and 
outlet ports 20, 22 can be located at opposite ends of the heat 
eXchanger. Alternatively, as shown in FIG. 2, the plates can 
be formed with elongated ends which, when mated to 
adjacent plates, form tubular members. These tubular mem 
bers are then inserted through a header plate to be in fluid 
communication with the heat eXchanger manifold. In the 
heat eXchanger FIG. 1, refrigerant is directed into the inlet 
port 20, passed through the pair plurality of joined plates 12 
in a known manner. The refrigerant then exits through outlet 
ports 22 to complete the cooling cycle. 
As shown in FIG. 2, the plate members 26 are formed 

from a single sheet of material 24 and are interconnected by 
deformable tabs which will be described in greater detail 
below. The material 24 can be an aluminum material coated 
with an aluminum brazing alloy as is known in the art. A 
sheet of material 24 can either be of a predetermined length 
with a predetermined number of plate members 26 therein or 
may be formed as a continuous Strip of material which is cut 
at a predetermined number of plates to form a heat 
eXchanger of predetermined size. The plate members 26 are 
Stamped using pneumatic and/or hydraulic activated details 
in a die controlled by a PLC\PLS or other computerized 
means known in the die pressing art. 

Each of the plate members 26 includes a pair of end 
portions 28 and an intermediate portion 30 therebetween. An 
elongated end 32 extends from one end of the plate. In one 
embodiment, this end 32 is configured to extend through a 
header plate and into a tank (not shown) of a fluid manifold. 
Alternatively, as shown in U.S. Pat. No. 5,707,388, the 
disclosure of which is hereby incorporated by reference, a 
plurality of apertures can be formed in each of the end 
portions 28 or alternatively, a Single aperture can be formed 
therein. The apertures are aligned when the heat eXchanger 
is assembled to provide for a fluid conduit for the heat 
eXchanger fluid to pass therethrough. Each of the interme 
diate portions 30 of the plate members 26 includes a 
plurality of beads 34 which, as is well known in the art, 
provide a circuitous path for the fluid to pass through the 
plate tube 12 to increase the turbulence of the fluid and 
provide for better heat transfer characteristics. 
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4 
FIG. 3 illustrates that the heat exchanger of the present 

invention is formed by folding the sheet of material 24 in a 
bellow-like or accordion-like fashion. When folded, adja 
cent plate members matingly engage to form the plate 
tubular members as will be described in greater detail below. 
The material is folded at the tabs joining adjacent plate 
members as will be described. 

FIGS. 4 and 5 show details of the first set and second set 
of deformable tabs connecting the plates 28 together. AS 
shown in FIGS. 4A and B, each first set of tab members 
connects adjacent plates 44, 46 and each Set includes two tab 
members, an upper tab 48 and a lower tab 50. The tabs 48, 
50 extend transversely from one plate to another and are 
formed as part of the rail edge 52 of each plate 44, 46. The 
tabs 48,50 are made from the same material as the plates and 
are plastically deformable. Each tab includes a Web Section 
40 disposed generally parallel to the transverse axis of the 
plates and includes a first edge 54 and a second edge 56. The 
first edge 54 includes a single, central, medial receSS 58. In 
the preferred embodiment of the tab, this recess 58 is 
generally arcuate, having a radius of curvature of approxi 
mately 0.0300 inches. The present invention contemplates 
that other shaped recesses may work equally as well, Such as 
triangled-shaped receSS, or arcuate recesses having different 
sized radii of curvature. 

Similarly, the second edge 56 of web 40 includes a 
generally centrally disposed medial receSS 60. The Second 
receSS 60 is also generally arcuate in shape and are generally 
disposed opposite the first distal recess 58. In the preferred 
embodiment of the tab, this receSS 60 is generally arcuate, 
having a radius of curvature of approximately 0.0300 inches. 
The present invention contemplates that other shaped 
recesses may work equally as well, Such as triangled-shaped 
receSS, or arcuate recesses having different sized radii of 
CurVature. 

As shown in FIGS. 4A and B, the distance, X-X, between 
the first and second medial recesses 50, 60 defines a single 
bend Zone 62. The single bend Zone 62 allows for much 
more narrow bending to accomplish good plate-to-plate 
contact during the forming of the heat eXchanger core by the 
bellows-like or Zig-Zag folding of the contiguous plate 
members. By using a tab having only a single bend Zone, the 
transverse length of the tab can be decreased. This provides 
the advantage shown in FIG. 3 wherein the folded tab 64 
projects very little from the folded plate assembly, thus 
obviating the need for an additional tab bending process. 

FIGS. 5A and B show the details of the second set of tab 
members. AS shown therein, each Second Set of tab members 
connects adjacent plates 70, 72 and each set includes two tab 
members, an upper tab 74 and a lower tab 76. The tabs 74, 
76 extend transversely from one plate to another and are 
formed as part of the rail edge 52 of each plate 70, 72. The 
tabs 74, 76 are made from the same material as the plates and 
are plastically deformable. Each tab includes a Web Section 
80 disposed generally parallel to the transverse axis of the 
plates and includes a first edge 82 and a Second edge 84. The 
first edge 82 includes a first pair of distal recesses 86, 88 
which are generally arcuate, having a radius of curvature of 
approximately 0.0300 inches. The present invention con 
templates that other shaped recesses may work equally as 
well, Such as triangled-shaped receSS, or arcuate recesses 
having different sized radii of curvature. Similarly, the 
second edge 84 of web 80 includes a second pair of distal 
recesses 90, 92 which are generally arcuate in Shape and are 
generally disposed opposite the first pair of distal recesses 
86, 88. The present invention contemplates that other shaped 
recesses may work equally as well, Such as triangled-shaped 
receSS, or arcuate recesses having different sized radii of 
CurVature. 
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As shown in FIG. 5, the distance, y-y, between the 
recesses on the first edge 82 and those on the Second edge 
84 defines only a first bend Zone 96 and a second bend Zone 
98. The first bend zone 96 and second bend Zone 98 provide 
a location at which the web 80 bends during the folding of 
the plates in forming the core to allow for fin insertion 
between adjacent plate tubes. The distance between these 
two bend Zones is approximately equal to the fin height. By 
eliminating a third bend Zone, the transverse length of the 
tabs can be minimized, reducing the amount of material 
needed to fabricate the tabs and reducing the distance a 
folded tab projects from the heat eXchanger core. 
Furthermore, it was necessary in the tabs of the 388 patent 
to vary the thickness of the tabs to ensure proper bending 
between the different bend zones. By providing tabs as 
described above, the material thickness can be held constant, 
reducing complexity of the design. 
To manufacture an evaporator according to a method of 

the present invention, the plate members 26 and tab Sets are 
stamped from the sheet of material 24. As shown in FIG. 2, 
two plates can be Stamped in a single Stroke of the die. The 
plate members 26 are then bent at the bend zones 62, 96, 98 
in the tab sets into folds Such as shown in FIG. 3 So that 
adjacent plate members 26 are in abutting, face-to-face 
relationship to form a plate tube member 12 and that 
Sufficient Space remains between adjacent plate tubes 
remains for fin insertion. After the plate members 26 have 
been folded a predetermined amount, the fin members 14 are 
inserted between outwardly facing Surfaces of the pairs of 
the plate members 26, either manually or automatically. 
After the fin members have been inserted, endsheets 16 are 
added at opposite ends of the plate tube \fin assembly to 
complete the heat eXchanger core and the core is compressed 
under a predetermined load. The core is then placed into a 
brazing furnace and passed through a vacuum brazing 
operation in which the metal brazes together in order to form 
the completed article. 

Various modifications and alterations of the present inven 
tion will, no doubt, occur to those skilled in the art to which 
this invention pertains. For example, the present invention 
has been described with reference to tab members joining 
plates along longitudinal axes. The present invention also 
contemplates that the plates may be joined along the trans 
verse axis as well, using the tab members of the present 
invention. These and all other variations which rely upon the 
teachings by which this disclosure has advanced the art are 
properly considered within the Scope of this invention as 
defined by the appended claims. 
What is claimed is: 
1. A heat eXchanger for an air conditioning System, 

comprising: 
a plurality of generally planar, interconnected plate mem 

bers folded in a bellows-like manner to form a plurality 
of tube members through which a fluid can flow; 

a plurality of corrugated fin members interposed between 
adjacent tube members, 

a first Set of tab members interconnecting adjacent plate 
members, each tab member of Said first Set including a 
Single bend Zone along which Said adjacent plate mem 
bers bend in a face-to-face relationship to form a tube 
member; and 

a Second Set of tab members distinctly shaped with respect 
to Said first Set of tab members interconnecting adjacent 
tube members, each tab member of Said Second Set 
including a first and Second bend Zones defining an area 
of predetermined size for receiving one of Said plurality 
of fin members thereinto. 
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6 
2. A heat eXchanger according to claim 1, wherein Said 

first Set of tab members includes a pair of tabs disposed 
between adjacent plate members. 

3. A heat eXchanger according to claim 2, wherein each 
tab member of Said first set of tab members includes a first 
edge including a Single receSS disposed at a predetermined 
location thereof and a Second edge having a single receSS 
disposed opposite Said receSS along Said first edge. 

4. A heat eXchanger according to claim 3, wherein Said 
recesses along Said first edge and Second edge of Said tab 
members are generally arcuate. 

5. A heat eXchanger according to claim 3, wherein Said 
first edge of Said tab member includes a Single medial, 
generally arcuate receSS and Said Second edge of Said tab 
member includes a Single Second medial receSS disposed 
opposite Said first medial receSS by a predetermined dis 
tance. 

6. A heat eXchanger according to claim 5, wherein Said 
Single bend Zone is formed between Said medial recesses 
disposed on Said first and Second edges of Said tab member. 

7. A heat eXchanger according to claim 1, wherein Said 
Second Set of tab members includes a pair of tabs disposed 
between adjacent tube members. 

8. A heat eXchanger according to claim 7, wherein each 
tab member of Said second set of tab members includes a 
first edge including a pair of recesses disposed at a prede 
termined location thereof and a Second edge having a pair of 
recesses disposed opposite Said recesses along Said first 
edge. 

9. A heat eXchanger according to claim 8, wherein Said 
recesses are generally arcuate-shaped. 

10. A heat eXchanger according to claim 8, wherein Said 
first and Second bend Zones of Said Second Set of tab 
members are formed between Said recesses disposed on Said 
first and Second edges of Said tab member. 

11. A heat eXchanger according to claim 1, wherein Said 
plate members include a longitudinal axis and a transverse 
axis, the longitudinal axis being generally parallel to the 
flow of fluid over said plate member, and wherein each tab 
of Said first and Second Sets of tab members is disposed 
generally parallel to the transverse axis of the plate 
members, with the transverse distance of said first set of tab 
members being less than the transverse distance of Said 
Second Set of tab members. 

12. A heat eXchanger according to claim 1, wherein two 
adjacent plate members are formed in a Single Stroke of a 
material Stamping die. 

13. An evaporator for an air conditioning System, com 
prising: 

a plurality of contiguous plate members joined together 
by a first and Second Set of distinctly shaped tab 
members and folded bellows-like into a plurality of 
tube members to form an evaporator core; 

a plurality of fin members interposed between adjacent 
tube members; 

Said first and Second Sets of tab members being disposed 
between adjacent plates in an alternating pattern Such 
that Said first Set is disposed between a first pair of 
adjacent plates and Said Second Set is disposed between 
one of the plates of Said first pair and its next adjacent 
plate. 

14. An evaporator according to claim 13, wherein each tab 
member of Said first Set includes a single bend Zone along 
which Said adjacent plate members bend in a face-to-face 
relationship to form a tube member and each tab member of 
Said Second Set includes only a first and Second bend Zones 
defining an area of predetermined size for receiving one of 
said plurality of fin members thereinto. 
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15. An evaporator according to claim 14, wherein each tab 
member of said first set of tab members includes a first edge 
including a single medial, generally arcuate receSS disposed 
at a predetermined location thereof and a Second edge 
having a single, medial, generally arcuate receSS disposed 
opposite Said receSS along Said first edge by a predetermined 
distance. 

16. An evaporator according to claim 15, wherein Said 
Single bend Zone is formed between Said medial recesses 
disposed on Said first and Second edges of Said tab member. 

17. A heat eXchanger according to claim 13, wherein each 
tab member of Said second set of tab members includes a 
first edge including a pair of Spaced, arcuate recesses dis 
posed at a predetermined location thereof and a Second edge 
having a pair of Spaced, arcuate recesses disposed opposite 
Said Spaced receSSes along Said first edge. 

18. An evaporator according to claim 17, wherein Said 
first and Second bend Zones of Said Second Set of tab 
members are formed between Said Spaced recesses disposed 
on Said first and Second edges of Said tab member. 

19. An evaporator according to claim 13, wherein two 
adjacent plate members are formed in a Single Stroke of a 
material Stamping die. 

20. An evaporator for use in an air conditioning System of 
an automotive vehicle, comprising: 

a plurality of generally planar, interconnected plate mem 
bers having a longitudinal axis generally parallel to the 
flow of fluid over the plate members, the plate members 
being folded in a bellows-like manner to form a plu 
rality of tube members through which a fluid can flow; 

a plurality of corrugated fin members interposed between 
adjacent tube members, 
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a first Set of tab members interconnecting adjacent plate 

members, each tab member of Said first Set including a 
Single bend Zone along which Said adjacent plate mem 
bers bend in a face-to-face relationship to form a tube 
member, each tab member of Said first set of tab 
members further including a first edge including a 
Single medial receSS disposed at a predetermined loca 
tion thereof and a Second edge having a single medial 
receSS disposed opposite Said receSS along Said first 
edge Such that Said first bend Zone is formed between 
Said medial recesses; and 

a Second set of tab members distinctly shaped with respect 
to Said first Set of tab members interconnecting adjacent 
tube members, each tab member of Said Second Set 
including a first and Second bend Zones defining an area 
of predetermined size for receiving one of Said plurality 
of fin members thereinto, each tab member of Said 
Second Set of tab members further including a first edge 
including a pair of Spaced recesses disposed at a 
predetermined location thereof and a Second edge hav 
ing a pair of Spaced receSSes disposed opposite Said 
recesses along Said first edge Such that said first and 
Second bend Zones are formed between Said Spaced 
recesses in a direction generally parallel to the longi 
tudinal axis of Said plate members, the transverse 
length of each tab member of Said Second Set being 
greater than the transverse length of each tab of Said 
first set of tab members. 


